Sikkim mandarin (Citrus reticulata)
INTRODUCTION
Pectin is a biodegradable and natural gelling agent which can be used for commercial purpose (Chin et al., 2014) such as making jam, jellies and marmalade ( Devi et al., 2014) and in fruit juices and milk drink as a stabilizer and also as dietary fiber (Tobias et al., 2011) . Pectin is produced as bi -product after juice extraction from citrus peel or apple pomace. Apple pomace gives 10-15% pectin and that of citrus fruit peel 20-30% (Kulkarni et al., 2006) . Productionof pectin differs between plant to plant, various parts of the single plant, and in the same plant in different time interval (Krishnamurthi andGiri, 2003) . Considering the fact, present studies envisage for extraction of pectin from the citrus (Citrus reticulata)peel after the extraction of essential oil.
MATERIALS AND METHODS
This research work was carried out between the months of August -December 2017 in the Department of Horticulture, Sikkim University, 6 th Mile, Tadong, Sikkim, India. Sample preparation: Fruits of mature and ripened stage of C. reticulata were collected from five different altitude range of Sikkim viz: 800-1000m, 1000-1200m, 1200-1400m, 1400-1600m and >1600m. The essential oil was extracted from the peel. After the extraction of essential oil, the leftover of peel were dried in a hot air oven at 60 º C until the weight becomes constant followed by grinding. The dried peel was then subjected to extraction of pectin. For extraction of pectin, 5 g of powdered sample was subjected for extraction with 90ml distilled water and 10ml citric acid at pH 2. The mixture was heated at 60 º C and continuously stirred for 1 hour. The acid extract was then filtered using Whatman No. 1 filter paperand the filtrate was coagulated with an equal volume of 95% ethanol. The coagulated filtrate waskept undisturbed for 2 hours to make the pectin float on the surfaceasgelatinous jelly. The pectin jelly was filtered and washed with ethyl alcohol 2-3 times to remove impurities. The precipitate was then dried in a hot air oven at 35 -40°C. The yield of pectin (fresh weight anddry weight basis) was calculated in digital weighing balance (Khule et al.,2012) . Ypec(%) P x100 …….Eq 1 Bi Where, Y is the yield of pectin in (%), P is the amount of extracted pectin in gram and B is the initial weight of fruit peel powder. Physicochemical characterization of the pectin: The dried pectin samples were subjected to the following qualitative and quantitative tests in order to characterize them.
Qualitative tests Color: This was done by visual observation

Solubility of dry pectin in cold and hot water:
To determine the solubility of dry pectin, 0.25 g of pectin powdered sample were placed in two different conical flask and 10 mL of 95%ethanol and 50 mL of distilled water was added. The mixture in one flask was kept and other was shaken vigorously toform a suspension and then heated at 85-95°C for 15 min (Fishman et al., 2003) . Solubility of pectin solution in cold and hot alkali (NaOH): In two different conical flasks 1 ml of 0.1 N NaOH was placed and 5ml of pectin solution was added. Further second flask was heated at 85-90°C for 15 min (Joslyn, 1980) . Sugar and organic acids: 1 g of pectin samplewas placed in 500 mL flask and5 mL ethanol and 100 mL water was poured rapidly, shaken and then allowed to stand for 10 minutes. To this solution, 100 mL of ethanol containing 0.3 mL hydrochloric acid was mixed and then filtered using what man No1 filter. The filtrate around 2.5 mL was measured into a conical flask (25 mL), the liquid was placed in steam bath for evaporation and residue was dried in a hot air oven at 50°C for 2 h (Devanooru et al., 2015) Quantitative Tests Equivalent weight determination: Equivalent weight was determined from 0.5 g of pectin sample, to which5mL ethanol was added followed by 1 g sodium chloride and 100mL of distilled and few drops of phenol red indicator. The mixture was shaken well to avoid the clumping and titrated against0.1 M NaoH to a pink colour at the endpoint (Owens et al., 1952) . Following equation was used to calculate equivalent weight of pectin. (Krishnamurthi and Giri, 2003) . Equivalent Weight: (weight of pectin sample x Molarity of alkali) / Volume of alkali x100 ……Eq 2 Methoxyl content determination: The neutralized solution left after determining equivalent weight was placed in a conical flask (250mL). In that 25 mL of 0.25 M NaOH was added. The mixture was stirred thoroughly and allowed to stand for 30 min at ambient temperature ( Norziah, et al., 2000) . The methoxyl content was calculated using the equation below ( Kulkarni et al., 2006 ) . Methoxyl content % =Volume of alkali x weight / Weight of pectin samplex100 .. . .Eq.3 Moisture content determination: An empty petri dish was kept in a hot air oven, cooled and then weighed in a digital weighing balance. 5g of the pectin sample was then transferred into the empty dish, kept in a hot air oven at 130°C for 1 h thereafter the petri dish was removed, cooled indesiccators and weighed.Moisture content was then calculated using Joye (Khule et al.,2012) , using the values from methoxyl and anhydrouronic acid content determinations (Schultz, 1976) . DE % = 176 x MeO % x 100 / 31 x AUA % …Eq.6 Ash percentage: An empty crucible was weighed in which 1 g of pectin was placed and then kept in muffle furnace at 600°C for 3-4 hours. The crucible was then cooled at room temperature in a desiccators and weigh (Ranganna, 1986) Ash % was calculated using following equation Ash % = Weight of ash x Weight of pectin x 100 …Eq.7 Alkalinity percent as carbonate: In 25 ml of 0.1 N HCl, ash was dissolved. It was heated to boiling and cool. Then titration was done with 0.1 N NaOH using phenolphthalein indicators. (Ranganna, 1986 ) Alkalinity % as carbonate = Titre X Normality of NaOH / Weight of ash X 1000 X 60 X 100 ….Eq.8 Carbonate free ash %: It is calculated by using the following equations (Ranganna, 1986) as: Carbonate free ash % = Ash% -Carbonate free ash% ......Eq.9 Spectral analysis: Subsequent to the above mentioned tests, the pectin from C. limon was further subjected to FTIR analysis (Shimadzu, IRAffinity-1) and the resultingspectrum was studied in order to understand the functional groups present (Kanmani et al., 2014 Essential oil extraction: Fresh fruits were washed to remove dirt andrind was separated. 500g of peelwas subjected to hydro distillation by adding water enough to dissolve the rind in a 2000ml round bottom flask fitted to a Clevenger apparatus. After 3 hours, oil was collected and stored in brown bottle and stored at 4 °C until analysis. Separation of oil with water was done using separating funnel, further water was removed by addition of anhydrous sodiumsulphate. All the extracted oil from Citrus germplasm was then subjected for profiling and characterization following standard procedure and protocol as follows. Profiling of essential oil: Profiling of essential oil was done by GC/MS-QP-2010 plus Ultra (Shimadzu company) using an Rtx-5 MS fused silica capillary column (30 m × 0.25 m i.d., film thickness 0.25 μm). Gas chromatography-mass spectrometry analysis: A sample of 1 µl was used in split plot ratio of 100:1. An electron ionization system with ionization energy of 70eV was used. Helium was used as carrier gas at a flow rate of 1.5 ml/min. Mass scanning range was varied over 50-550m/z while injector and MS transfer line temperatures was set at 220 and 290°C respectively. Compounds identification: Identification of essential oilvolatile compounds was based on the calculation of theirretention indices (RI) relative to (C 8 -C 22 ) n-alkanes withthose of authentic compounds available in our laboratory. Further identification was made by matching their recordedmass spectra with those stored in the Wiley/NBS massspectral library of the GC-MS data systems and other published mass spectra (Adams, 2001 ).
RESULTS AND DISCUSSION
Physico chemical characterization:
The physico chemical characterization of dried pectin from peel is presented in Table 2 . The degree of esterification was found to be highest in the samples from the altitude >1600m in both mature (90.94%) and immature stages (91.79%). The data presented in the finding is higher than reported by Fakayode and Abobi (2018) are mentioned in Table2. It showed sharp and strong peaks at 3607 at 800m altitude with O-H stretch. C-H stretch was found to be 2956cm -1 at 800-1000m altitude. Further C=O bond was found at 1727cm -1 at 800-1000m altitude was observed the highest value which showed α, β unsaturated ester. C-N stretch with aliphatic amines was recorded in 1075, 1201 at 800m. Likewise, 1073, 1219 (1000-1200m). Further (1074cm ) were observed in 1200-1400m, 1400-1600m and >1600m altitudes, respectively. In addition alkyl halides was noted only in 1400-1600m (1103 cm -1 ) and >1600m (1108cm Instrumental analysis: GCMS analysis chromatograms and table are presented in Table  5a ,5b,5c,5d,5.Inmature stage, five different altitudes showed compound identification as 39,33,51, 56, 43 at 800m, 1000-1200m, 1200-1400m, 1400-1600m and >1600m altitudes. Limonene content was found to be the highest in the altitudes viz:800m, 1000-1200m, 1200-1400m, 1400-1600m and >1600m (88.40, 87.64, 87.20, wet basis, equivalent weight, methoxyl content, degree of esterification, moisture content, ash percent, alkalinity as carbonate, carbonate free ash. In FTIR analysis, highest altitude (>1600m) showed C-H stretch and that of O-H bond was found at 800m altitude respectively Moreover mature stage showed 39,33,51, 56, 43 at 800m, 1000-1200m, 1200-1400m, 1400-1600m and >1600m altitudes. Limonene content showed 88.46% at >1600m altitude. Likewise γ-Terpinene was found to be 4.82% being maximum in the samples from 1200-1400m altitude while 3.99% at >1600m was the lowest content. In addition, myrcene was found maximum at 800-1000m altitude (1.64%) while 1400-1600m (1.44%) was recorded with lowest value. Immature stage on the other hand was found with 89.06% at >1600m altitude. Likewise γ-Terpinene was found in 1200-1400m (6.45%) followed by 1400-1600m (6.37%) and of the least was found at1000-1200m (1.42% ).Myrcene content was lowest at >1600m (0.27%) and highest at 1200-1400m1.68%. The present research showed significant amount of component present and in which limonene was found to be the highest followed by γ-Terpinene, myrcene. Hence the essential oil has significance as a natural source of antimicrobials for therapeutic purposes. The identification of compound may be helpful in the study as well as medicinal properties.
